The direct anterior approach (DAA) to total hip arthroplasty has been promoted as a minimally invasive alternative to the lateral approach, which we sought to verify by systematically reviewing and meta-analyzing the literature comparing clinical, radiographic, and surgical outcomes.
INTRODUCTION
T otal hip arthroplasty is used widely around the world as one of the most effective procedures for relieving pain, restoring hip function, and improving quality of life in patients with painful or deformed hip joints.
1,2 Improvements in hip arthroplasty procedures have led to faster functional recovery, shorter hospitalization, and higher patient satisfaction. 3, 4 Except for perioperative managements, different approaches can also affect the clinical outcomes. 5, 6 Total hip arthroplasty is often carried out using a conventional lateral approach and its modifications, which is the preferred procedure of approximately 42% of orthopedic surgeons worldwide. 7 However, the requirement for muscle splitting in the lateral approach can lead to greater pain in the early postoperative period and longer hospitalization and rehabilitation periods. [8] [9] [10] As an alternative procedure, the direct anterior approach (DAA) to total hip arthroplasty has been developed in recent years. This muscle-sparing procedure involves a shorter length of incision as well as less muscle and soft-tissue dissection, 11, 12 qualifying it as a truly minimally invasive procedure. 13, 14 Thus, DAA was thought to be associated with lower postoperative pain and faster recovery than the lateral approach. 9, 10, 11, 13, 14 However, DAA is still evolving 15 and its real clinical outcomes are full of controversial, especially when the DAA procedure is performed in learning curve. 16 On one hand, a study of 419 consecutive patients undergoing either DAA or a lateral approach found DAA to be associated with lower perceived perioperative pain and shorter hospitalization, 17 and another study showed superior 1-year postoperative outcomes with DAA. 18 On the other hand, some studies have suggested that either there is no significant benefit of DAA over a lateral approach 19 or factors rather than choice of direct or lateral approach may be more important for early recovery, such as patient selection, accelerated rehabilitation, and improved analgesia. 20 It is a general agreement that the highest level-evidence assessment of clinical interventions should be evidence-based, rely on results from update meta-analyses. One meta-analysis has already concluded that DAA is not significantly better than a posterior approach, 21 but as of this time, we are unaware of meta-analyses comparing DAA and the lateral approach. Therefore, we conducted this meta-analysis to fill the research gap.
Specifically, we systematically reviewed randomized controlled trials (RCTs) and cohort studies comparing the DAA and lateral approach for total hip arthroplasty, and we metaanalyzed available data on a total of 9 categories of outcomes: functions, complications, length of stay, radiographic analysis, transfusions, pain, makers of muscle damage and inflammation, surgery time, and gait.
METHODS
Ethical approval for this study was deemed unnecessary because it was a review of existing literature and did not involve any handling of individual patient data.
Search Methodology
Two reviewers (CY and PDK) independently searched PubMed, OVID, and Web of Science databases in June 2015 without restrictions on publication date or language. Search terms included ''total hip replacement,'' ''total hip arthroplasty,'' ''THA,'' ''THR,'' ''anterior,'' ''direct anterior,'' ''anterior supine intermuscular,'' ''Hueter approach,'' and ''Smith-Petersen.'' Search terms were combined using the Boolean operators ''AND'' or ''OR.'' Reference lists of relevant articles were manually searched to identify additional trials.
Selection Criteria
A study was considered eligible for inclusion if it was an RCT or cohort study, compared DAA with a lateral approach, and reported data for at least one of the following outcomes: postoperative function, complications, hospitalization time, radiographic analysis, transfusion, pain, markers of muscle damage or inflammation, surgery time, and gait.
Studies were excluded from consideration if they were explicitly labeled as a ''pilot study;'' were based on a cross-sectional questionnaire, case report, or frozen cadavers; or involved bilateral total hip arthroplasty, hemiarthroplasty, or computed tomography-based or robot-assisted total hip arthroplasty.
Literature Selection
All potentially relevant studies were imported into Endnote X6 and duplicates were excluded. Then the same 2 researchers who had searched the databases excluded studies based on titles and abstracts. The 2 researchers read the full text of the remaining studies and excluded those that did not satisfy the selection criteria. Disagreements were resolved by discussion with a third researcher (FXP).
Data Extraction
The same 2 researchers independently extracted the following data from the final set of included studies: first author's name, country, publication year, any significant differences at baseline, sample size, follow-up period, and whether DAA surgeons were still on a learning curve. Data were also collected on the following primary outcomes: postoperative function, complications, and hospitalization time. Function and complications were selected as primary outcomes because they directly reflect efficacy and safety of the surgical approach. Hospitalization time was selected because it is one of the strongest determinants of rapid recovery after total hip arthroplasty, 3, 4 and it is therefore closely related to patient costs and satisfaction.
Data were also collected on the following secondary outcomes: radiographic analysis, transfusion, pain, markers of muscle damage and inflammation, surgery time, and gait. Table 1 provides detailed descriptions of each outcome.
Assessment of Study Quality
Working independently, 2 researchers (CY and PDK) assessed the quality of included RCTs using the Jadad scoring system. 22 This system assesses randomization, blinding, withdrawals, and dropouts, awarding a study a score of 0-5 points. The quality of cohort studies was assessed using the Minors scoring system, 23 which is considered suitable for nonrandomized surgical intervention studies. This system awards a score of 0-2 points for each of 12 items according to whether the item was reported or not and whether it was treated adequately or not (see Supplemental Table, Supplemental Content, http:// links.lww.com/MD/A557, which provides a detailed description of the Jadad and Minors scales). Discrepancies between assessments by the 2 reviewers were resolved by discussion, with arbitration by a 3rd reviewer when necessary.
Statistical Analysis
Outcomes for which data could not be compared directly across studies were synthesized qualitatively, as were outcomes for which insufficient data were reported across studies. Outcomes for which sufficient, equivalent data were reported across studies were meta-analyzed using Forest plots generated with RevMan 5.2. Dichotomous data were expressed as proportions, such as rates of transfusions and complications; the intervention effect was expressed as a risk ratio. Continuous data reported in the same way across studies, such as for hospitalization time, were meta-analyzed in terms of the weighted mean difference (WMD) and associated 95% confidence interval (95%CI). Continuous data reported in different ways across studies were meta-analyzed in terms of the standardized mean difference (SMD). Continuous data reported as medians and ranges were transformed into means and standard deviations using Hozo formula. 24 Pooled data were assessed for heterogeneity using the Chisquared test and I 2 tests. Heterogeneity was defined as absent when I 2 was between 0 and 25%; low, between 25.1% and 50%; moderate, between 50.1% and 75%; or high, between 75.1% and 100%. Fixed-effects meta-analysis was performed when P ! 0.1 and I 2 50%; otherwise, random-effects meta-analysis was performed.
RESULTS

Search Results
Systematic search of Pubmed, OVID, and Web of Science turned up 4286 potentially eligible studies, and no additional records were found during manual searches of reference lists (See Supplemental Figures 1-3 , Supplemental Contents, http:// links.lww.com/MD/A557, which illustrates the detailed search histories for each electronic database). After removing 1775 duplicate studies using Endnote X6, another 2354 studies were excluded based on their titles and abstracts. The remaining 157 studies were read in full, and 145 were excluded because they failed to satisfy the selection criteria. In the end, 12 studies were included in the systematic review and meta-analysis. Details of study identification, screening, and selection are given in Figure 1 .
Characteristics of Included Studies
The included 12 studies 17-19,25 -33 contained 2 RCTs 25, 26 and 10 nonrandomized cohort studies [17] [18] [19] [27] [28] [29] [30] [31] [32] [33] published within the last 6 years, altogether involving 2991 cases of DAA total hip arthroplasty and 1910 cases of lateral approach total hip arthroplasty. Three studies were performed in the US, 3 in Germany, 2 in Norway, 2 in Italy, and 1 each in Canada and Switzerland.
Minors quality scores for the 10 cohort studies ranged from 10 to 18 points of a possible 24, while Jadad quality scores for the 2 RCTs were 3 26 and 4 points 25 of a possible 5. Eleven studies compared the DAA and lateral groups at baseline, and 9 studies found no significant differences. 17-19,25 -26,29-33 Seven studies carried out short-or intermediate-term follow-up lasting up to 1 year. [18] [19] 26, [29] [30] [31] [32] Another study evaluated patients only at 6 weeks, 28 and another 4 reported clinical outcomes only during postoperative hospitalization. 17, 25, 27, 33 Seven studies evaluated postoperative function: 18-19,26 -30 6 studies used patient-reported functional scales, and 1 study reported range of motion. 27 Eight studies reported perioperative surgical complications. 17-19,26,29 -31,33 Six studies provided data on hospitalization time. 17, [26] [27] [28] [29] 33 Only 1 study each analyzed postoperative gait 32 or assayed levels of markers of muscle damage and inflammation. 25 Three studies explicitly stated that surgeons performed DAA while still on the learning curve, 18, 30, 33 while 4 stated that the DAA surgeons had completed the learning curve. 19, 25, 26, 29 The remaining 5 studies did not explicitly mention a learning curve. Detailed study quality assessment and outcomes data can be found in Tables 2-4 .
PRIMARY OUTCOMES Postoperative Function
Seven studies involving 1560 cases of total hip arthroplasty reported functional outcomes [18] [19] [26] [27] [28] [29] [30] (Table 5) , though functional scales and follow-up periods varied substantially. Four of the 7 studies showed that DAA led to better functional outcomes.
18,26 -28 Mirza et al 28 reported significantly higher 6-week Harris Hip Score (HHS) scores with DAA (P < 0.0001). Restrepo et al 26 found that DAA led to significantly better scores on the HHS, Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Short Form 36-Item Health Survey scale, Lower Extremity Functional Score, and Linear Analog Scale Assessment at 6 weeks, 6 months, and 1 year, although DAA and the lateral approach led to similar scores on these instruments at 2 years. Similarly, Ilchmann et al 18 found significantly higher HHS scores with DAA at 6 weeks, 12 weeks, and 1 year, but similar HHS scores for DAA and the lateral approach at 2 years. Goebel et al 27 found that mean time to achieve the therapeutic goal was shorter in the DAA group (6.4 vs 7.4 days).
In contrast, 3 studies found no significant differences in functional outcomes between DAA and the lateral approach at 1 year [29] [30] or 3.7 year. 19 
Perioperative Complications
Eight studies reported the occurrence of 7 types of perioperative surgical complications. [17] [18] [19] 26, [29] [30] [31] 33 Meta-analysis showed that both DAA and the lateral approach were associated with similar risk of dislocation, intraoperative fracture, nerve palsy, superficial infection, deep infection, and postoperative hematoma (Table 6 ). In contrast, DAA was associated with higher risk of cutaneous nerve palsy (RR 5.69, 95%CI 1.06-30.62, P ¼ 0.04).
Hospitalization Time
Six studies reported data on this outcome. 17, [26] [27] [28] [29] 33 Metaanalysis showed that hospitalization time after DAA was shorter by a mean of 1.19 days (95%CI À2.08 to À0.3, P ¼ 0.009) than after the lateral approach (Fig. 2) . This meta-analysis involved a random-effects model because of significant heterogeneity among the studies (I 2 ¼ 96%).
Secondary Outcomes
DAA and lateral approach groups showed similar rates of transfusion (RR 0.78, 95%CI 0.60-1.02, P ¼ 0.07; Fig. 3 ), while surgery time was longer with DAA by a WMD of 7.99 min (95%CI 2.38-13.6, P ¼ 0.005; Fig. 4 ). Radiographic analyses indicated that the 2 approaches were associated with similar degrees of inclination (WMD 0.008, 95%CI À1.15 to 1.15, P ¼ 1.00) and anteversion (WMD 3.058, 95% CI À6.65 to 12.75, P ¼ 0.54) (Figs. 5-6 Numbers 1-12 in heading signified: 1, a clearly stated aim; 2, inclusion of consecutive patients; 3, prospective collection of data; 4, endpoints appropriate to the aim of the study; 5, unbiased assessment of the study endpoint; 6 follow-up period appropriate to the aim of the study; 7 loss to follow-up less than 5%; 8 prospective calculation of the study size; 9 an adequate control group; 10 contemporary groups; 11 baseline equivalence of groups; and 12, adequate statistical analyses.
Six studies evaluated postoperative pain using pain scales, [17] [18] [19] 25, 27, 29 though the scales and evaluation time points varied considerably. Four studies reported significantly better pain scores after DAA. [17] [18] 25, 27 One RCT 25 by Mjaaland et al and 1 cohort study 27 by Goebel et al associated DAA with lower scores on the visual analogue scale during postoperative hospitalization. Alecci et al 17 found a lower pain score on the numerical rating scale (NRS) on the first day after DAA (1.4 vs 2.5 points). Ilchmann et al 18 reported lower visual analogue scale pain scores in the DAA group at 6 and 12 weeks. The remaining 2 studies found no significant differences in pain scores between groups at 1 year 29 or 3.7 years. 19 One study compared DAA and the lateral approach in terms of postoperative serum levels of creatine kinase and Creactive protein, which serve as markers of inflammation and muscle damage. 25 Creatine kinase levels immediately after arthroplasty and on postoperative day 4 were significantly higher in the DAA group, while C-reactive protein levels were similar between the 2 groups at all time points examined. 25 One study compared the 2 approaches using spatiotemporal gait analysis and found no significant difference. 32 
DISCUSSION
This is the first systematic review and meta-analysis to compare DAA and lateral approach total hip arthroplasty in terms of clinical, radiographic, and surgical outcomes. The available evidence suggests that DAA may be associated with better early postoperative functional rehabilitation, lower levels of perceived pain, and shorter hospitalization time. On the other hand, DAA may be associated with longer surgery time. The 2 arthroplasty approaches appear to be associated with similar rates of perioperative surgical complications and transfusion, similar results on radiographic and gait analyses, and similar serum levels of inflammation and muscle damage markers. We conclude that the available evidence does not allow us to determine whether DAA or the lateral approach is superior; more large, well-designed studies are needed to explore the results of this meta-analysis in greater detail.
In theory, many clinicians perform DAA because it avoids the inevitable muscle-splitting in the lateral approach, which can prolong hospitalization and complicate functional rehabilitation in the early postoperative period.
9,10 DAA, in contrast, does not require exposing or lacerating the gluteus minimus and medius muscles. 34 Although DAA can damage the tensor fascia lata, this may have only a minor effect on early rehabilitation. 18 As a result, DAA can lead to more rapid functional recovery and shorter hospitalization times than other approaches. 10, 14 Our meta-analysis of available clinical evidence suggests that in practice, the benefits of DAA over the lateral approach are less clear. Although several studies in our systematic review consistently showed better outcomes with DAA during functional rehabilitation within 1 year of surgery, 18, [26] [27] [28] including a reduction in mean hospitalization stay by more than 1 day, other studies failed to show any differences in functional recovery at follow-up times beyond 1 year. 19, [29] [30] It may be that the benefits of DAA occur primarily during the early postoperative period. Consistent with this idea, numerous studies in our systematic review reported significantly lower levels of perceived pain after DAA within early postoperative period. [17] [18] 25, 27 These results may help explain why several studies have reported more rapid functional rehabilitation with DAA.
Although some studies have associated DAA with fairly low complication rates, 35, 36 others have reported fairly high rates. 37, 38 Our meta-analysis suggests that the rates of most complications are similar for DAA and the lateral approach, with at least 1 exception: risk of cutaneous nerve palsy is 5.69-fold higher with DAA. This cutaneous nerve palsy is likely to come from the lateral femoral cutaneous nerve, but none of the studies reporting this complication described it in sufficient detail to indicate whether it referred only to skin numbness lateral to the incision or to complete nerve palsy of the entire lateral thigh. This is an important question because many clinicians do not consider skin numbness a complication of total hip arthroplasty unless it is particularly bothersome to the patient. We suggest that our meta-analysis finding of greater risk of cutaneous nerve palsy with DAA may not be clinically significant, and further study is needed to examine this in greater detail.
The study by Mjaaland et al 25 in our systematic review reported similar serum levels of C-reactive protein in patients treated by DAA or lateral approach, which is consistent with another study not included in our systematic review because it compared DAA with a posterior approach. 39 These results may mean that the inflammatory cascade associated with total hip arthroplasty is influenced primarily by bone removal and implant placement, not by the surgical approach. 39 Mjaaland et al 25 also reported higher serum levels of creatine kinase in patients with DAA, which does not make sense given the observed similarity in C-reactive protein levels. Those authors suggested that this result was due to a type 2 error.
Unfortunately, our meta-analysis was unable to isolate the influence of the DAA learning curve on the results. It is difficult to estimate what proportion of DAA total hip arthroplasties in our systematic review were performed within or beyond the curve, since studies not included in our systematic review have reported 30 to 200 DAA procedures beyond the learning curve. 35, 40, 41 Only 7 of the 12 trials in our review explicitly addressed the learning curve, preventing us from performing subgroup meta-analyses. This is an important limitation in other meta-analyses of DAA as well. 21, 41 The results of our metaanalysis may also reflect confounding by other factors such as patient characteristics 42 and perioperative management. 3 We were unable to control for these factors because of incomplete reporting by the studies in our review.
In summary, our study preliminary shows that although DAA may provide shorter hospitalization and faster recovery during the early postoperative period, the available evidence is still insufficient to conclude whether the DAA or lateral approach is superior for total hip arthroplasty. Our results highlight the need for large, high-quality studies that investigate outcomes of DAA and that can be incorporated into future metaanalyses.
